The objectives of this study were a) to compare the apparent total tract digestibility (TD) between non-cannulated (intact) and cannulated (steered ileo-cecal valve technique, SICV) pigs fed diets differing in energy density (Exp. 1) and b) to compare the direct vs marker (Cr 2 O 3 ) methods for estimation of the TD and apparent ileal digestibility (ID) in SICV-cannulated pigs (Exp. 2). In Exp. 1, 24 intact and 18 SICV-cannulated castrates of approximately 40 kg initial BW were randomly assigned to six treatments in a 2 × 3 × 2 factorial arrangement (two pig types, three carbohydrate sources, and two fat levels). In Exp. 2, the same SICV-cannulated pigs from Exp. 1 were given those treatments in a 2 × 3 × 2 factorial arrangement (two methods of digestibility estimation, three carbohydrate sources, and two fat levels). In both experiments either cornstarch, soybean hulls, or pure cellulose, without or with fat, were
Introduction
There is contradictory evidence concerning total tract digestibility of proximate dietary nutrients in intact and cannulated pigs. In several studies, no impact of simple T-cannulation of pigs on total tract digestion or on energy metabolism was found (Furuya et al., 1974; Close et al., 1984; Huisman et al., 1984; Moughan and Smith, 1987; Schrö oder et al., 1989) . However, in other studies (Sauer et al., 1979; Joør-gensen et al., 1985; Livingstone and McWilliam, 1985) there have been indications of adverse effects of cannulation on nutrient digestibility in the small intestine and(or) the whole gastrointestinal tract.
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incorporated into a barley-soybean meal-based diet to alter energy density. Daily diets were isoenergetic (based on NE f ), and water supply was .33 L/MJ of NE f . In Exp. 1, the pig type effect on the TD of DM, OM, CP, and the pig type × carbohydrate interactions for the TD of DM, OM, and crude fiber (CF) were significant (P < .05), merely due to a larger difference found for the diet enriched with cellulose. In Exp. 2, the TD and ID evaluated with the marker method were significantly lower (except for the TD of CF) than with the direct method, mainly because Cr recovery was below 100%. Overall, the marker method seems to be superior because the TD means obtained from Cr ratios were closer to the TD obtained from intact pigs. In general, the SICV technique seems to be suitable for long-term digestibility studies to measure the TD and ID in the same pig fed low-or high-fiber diets.
Comparisons of the direct vs marker methods (Cr 2 O 3 ) in digestibility studies with cannulated pigs have not been extensively presented in the literature. Available techniques for quantitative collection of ileal digesta require removal of the cecum (post-valvular T-cecum cannulation of Van Leeuwen et al., 1988) , or of the whole large intestine (ileo-rectal anastomosis) using various surgical procedures as described by Laplace et al. (1994) , or affect gut motility by presence of two cannulas (re-entrant cannulation) as reported by Laplace (1980) , and, therefore, normality of those pigs is questioned (Kö hler et al., 1990; Fuller, 1991; Mroz et al., 1994) . Moreover, larger amounts of fibrous products in diets for pigs with re-entrant or PVTC cannulas cause blockages and alterations of digesta passage rate (Huisman et al., 1984; Van der Meulen et al., 1993) . Therefore, we developed a new Ttechnique named the steered ileo-cecal valve (SICV) cannulation that permits collection of ileal digesta quantitatively and that does not require any removal or transection of the gastrointestinal tract (Mroz et al., 1994) . So far, application of this technique in pigs fed diets differing in energy density has not been tested. Therefore, the aim of the present work was a) to compare the apparent total tract digestibility of proximate nutrients between intact and SICV-cannulated pigs (Exp. 1) and b) to compare the direct and marker (Cr 2 O 3 ) methods for estimation of the apparent total tract and ileal digestibilities of diets differing in energy density (Exp. 2).
Materials and Methods
Animals and Experimental Design. Two digestibility experiments were carried out on crossbred castrates (Yorkshire × [Finnish Landrace × Dutch Landrace]) of approximately 40 kg initial BW and 105 kg final BW. In Exp. 1, the effect of cannulation on the apparent total tract digestibility (TD) of OM, ash, CP, ether extract (EE), and crude fiber (CF) was measured using 24 non-cannulated (intact) pigs and 18 pigs fitted with steered ileo-cecal valve (SICV) cannulas under inhalation anesthesia. The pigs were kept in the same building and randomly assigned to six treatments in a 2 × 3 × 2 factorial arrangement (two pig types, three carbohydrate sources, and two fat levels) to obtain four intact and three cannulated pigs per dietary treatment. Experimental treatments were tested with the intact pigs in one series and the cannulated pigs in three series (six pigs per series). The intact pigs were housed in pens, except for the measurement period of 2 wk when they were transferred to conventional stainless steel metabolism crates (1.2 m × .6 m), whereas the cannulated pigs were kept individually in pens of 1.35 m × 1.15 m throughout the entire study at an average ambient temperature of 18°C. In Exp. 2, the same SICV-cannulated pigs from Exp. 1 were used to measure the effect of direct vs marker (Cr 2 O 3 ) methods for estimation of the TD and ileal digestibility (ID) of OM, ash, CP, EE, and CF in those treatments in a 2 × 3 × 2 factorial arrangement (two methods of digestibility estimation, three carbohydrate sources, and two fat levels). There were three pigs per dietary treatment.
Steered Ileo-Cecal-Valve-Cannulation Technique and Surgical Procedure. The steered ileo-cecal valve cannulation permits collection of ileal digesta quantitatively via a valve-steering system (Figure 1 ). Before surgery, each pig was held without feed for 36 h and had no access to water for 12 h. After premedication with Stresnil (2 mg/kg s.c., Janssen Pharmaceutica BV, Tilburg, Holland) and Atropine (.05 mg/kg s.c., AUV, Cuijk, Holland), anesthesia was induced by intravenous injection of Nesdonal (15 mg/kg i.v., Rhô ne Mé rieux, Lyon, France) and maintained by inhalation of a mixture of halothane (1 to 4% as necessary) with O 2 -nitrous oxide via an endotracheal tube. Subsequently, the pig was placed on the left side and a laparotomy (a 70-mm incision) was made at the right hypochondrium. The valve-steering system consists of two stainless steel rings of which one (outer, 2.0 mm thick and 34.0 mm o.d.) is placed around the intestine, close to its junction with the cecum, whereas the second ring (inner, 2.0 mm thick and 35.0 mm i.d.) is inserted into the lumen of the intestine. This inner ring is connected with a nylon cord, led outside of the animal through a silicone T-shaped cannula (barrel: 100 mm length, 26 mm i.d.; flange: 70 mm o.d.). Because the outer ring is slightly smaller than the inner ring, by pulling or releasing the nylon cord, the ileo-cecal valve can be "steered" as required.
First, the inner ring with the connected nylon cord was introduced into the lumen of the terminal ileum (approximately 15 cm from the ileo-cecal valve) via a small incision, which was afterward closed with Vicryl 3-0 (InstruVet BV, Amerongen, Holland) using the Lembert suture. Then, the outer ring was fixed close to the ileo-ceco-colonic junction for a permanent maintenance of the inner ring just anterior to the ileo-cecal valve. To fix the outer ring around the intestine, the ring was cut, and one of its ends was directed through the ileo-cecal mesentery, and a special safety-locker was made to close the ring firmly again. Successively, a 50-mm incision through the taenia coli of the cecum was made to introduce the silicone T-shaped cannula just across the ileo-cecal valve.
Next, the purse-string suture (Vicryl 2-0) was drawn tightly up around the cannula after guiding the nylon cord of the inner ring through the barrel. To secure the cannula, a second suture was made (peripheral to the previous one). Afterward, the cannula barrel was exteriorized by a stab wound made with a cork-borer (approximately 8 cm distal to the last rib). The cannula was held in place by a silicone, T-shaped, outer part (barrel: 30 mm i.d. and 40 mm length; flange: 26 mm o.d.). To prevent outflow of digesta, a polyvinyl chloride (PVC) cylindric stopper (80 mm length and 26 mm o.d.) was introduced into the lumen of the barrel. The abdominal cavity was closed by suturing, successively, the peritoneum, two muscle layers, subcutaneous tissues, and the skin. After surgery, the pigs were injected i.m. with Ampicillin (2 mL/50 kg BW, AUV-Cuijk, Holland) and Antipyranal (3 mL/50 kg BW, Alfasan, Woerden, Hol- land) for 3 d to prevent postoperative infection and to minimize pain, respectively. The pigs were already adapted to the experimental diets before surgery (for a period of 4 wk). During the post-operative period of 10 d, the same diets were gradually increased approximately 100 g/d until the pre-surgical level of feed intake was achieved. Before and after the surgery the pigs were given ad libitum access to water.
Diets and Feeding.
In both experiments, six dietary treatments (Table 1) were arranged as a 3 × 2 factorial, that is, three carbohydrate sources (cornstarch, soybean hulls, and purified cellulose [Arbocel B800, J. Rettenmaier, Holzmü hle, Germany]), and two levels of animal fat added to a basal diet. The basal diet consisted of barley, soybean meal, wheat middlings, and potato protein as major components (Table 2) . Addition of cornstarch in Treatments 1 and 2 was 35 and 25%, respectively. Amounts of added soybean hulls in Treatments 3 and 4 and of purified cellulose in Treatments 5 and 6 were similar (26 and 31%, respectively). No supplemental fat was given to Treatments 1, 3, and 5, whereas Treatments 2, 4, and 6 were supplemented with 5 to 6% of fat. This amount of fat was added in substitution of cornstarch on the NE f -equivalency (3 g of cornstarch ≈ 1 g of fat). Chromic oxide (Cr 2 O 3 , .5 g/kg of basal diet) was used as an indigestible marker. Cane molasses was added to increase quality of pellets. Two isoenergetic daily meals were given in 12-h intervals (0600 and 1800) in the amounts equivalent to 90% of the Dutch recommendations for net energy of retained fat (NE f ) to pigs gaining 700 g/d (CVB, 1994) . To have equal energy intake, daily diets differed among the treatments, but the amount of the basal diet in the daily diets was assumed to be the same, regardless of the treatment. Due to discrepancies between calculated and analyzed chemical compositions of the dietary treatments, the applied amounts of the basal diet slightly deviated between the treatments (approximately ± 5%). This difference did not seem to influence our experimental goals and can be regarded as negligible. Water was added to each meal before feeding in equal proportion to NE f intake (.33 L/MJ). The pigs had no access to water between the meals.
Collection Procedures. In both experiments, each dietary treatment was tested when the barrows weighed approximately 90 kg. Quantitative collection of feces was conducted during 10 d by gluing an adhesive tape with the Medical Adhesive B (Dow Corning, 06904 Sophia Antipolis, France) around the anus of the pig. This adhesive tape was equipped with snap-fasteners for attaching polyethylene bags, and the bags with feces were replaced twice daily. Daily collections of feces were weighed and stored at −20°C. Afterward, two 24-h quantitative collections of ileal digesta from the pigs were conducted at intervals of 5 d to avoid dehydration and(or) electrolyte depletion. To enable digesta collection, the ileo-cecal valve was "steered" always successfully, into the lumen of the cannula (its proper position could be seen when digesta collection was accomplished), and the nylon cord was tied firmly around the outer part. Later, a special PVC joint was fixed temporarily to the cannula barrel. This joint permitted outflow of digesta even when the animals were resting on the right side, where the cannula was placed. Finally, a polyethylene tube of approximately 25 cm long was attached to the PVC joint. As soon as digesta appeared in this tube, it was emptied into a larger polyethylene bag kept permanently in Dry Ice. Hourly collections were weighed and stored at −20°C until chemical analysis. After digesta collection ended, the PVC joint was removed, the nylon cord released, and the cannula closed firmly with the cylindric stopper. The latter was secured with plastic zip-fasteners. Frozen cumulative samples of ileal digesta from both days were homogenized without thawing (by adding liquid N), freeze-dried, and subsamples were taken for chemical analysis. Samples of feces were thawed, and after homogenization subsamples were air-dried.
Analytical Procedures. All samples were analyzed in duplicate. Dry matter content in diets, feces, and ileal digesta was determined at 104°C, and nitrogen content (in fresh samples) was determined by the Kjeldahl method (AOAC, 1984) . Crude protein was calculated as Kjeldahl N × 6.25. The samples were ashed at 550°C for calculation of percentage of ash. Crude fiber content was assayed by hydrolysis with 1.25% H 2 SO 4 and 1.25% NaOH, whereas crude fat content was determined by boiling the sample in 3 N HCl for 3 h, and the filtered, washed, and dried residue was extracted using petroleum ether 40-60 (AOAC, 1984). Chromium content was assessed by atomic absorption spectrophotometry (Perkin-Elmer model 1100, at 357.9 nm) according to Williams et al. (1962) . Dietary starch concentration was determined enzymatically (amyloglucosidase/hexokinase method) with an autoanalyzer according to Bosma et al. (1987) , and GE content in an adiabatic bomb calorimeter.
Statistical Analysis. In both experiments each pig was the experimental unit. In Exp. 1, to evaluate the effect of cannulation on the total tract digestibility of dietary nutrients by the marker method the data were subjected to analysis of variance for a completely randomized design using the ANOVA procedure of Genstat 5 (Payne et al., 1989) according to the following 2 × 3 × 2 factorial model:
where µ = overall mean, T = pig type (intact vs cannulated) effect, C = carbohydrate effect, F = dietary fat effect, and ε = error contribution with average 0 and variance σ 2 , and i = 1 . . . 2, j = 1 . . . 3, k = 1 . . . 2. Housing effect was not included in the model, because it is confounded with pig type. The SE was used to test significance in comparisons of averages for intact vs cannulated pigs. No evidence (P < .10) of a T × C × F interaction was found.
In Exp. 2, to evaluate the effect of method (direct vs marker [Cr 2 O 3 ]) on estimates of the apparent total tract and ileal digestibilities using SICV-cannulated pigs the following 2 × 3 × 2 factorial model was fitted:
where µ = overall mean, S = series effect, C = carbohydrate effect, F = fat effect, M = method effect, and ε = error contribution with average 0 and variance σ 2 , and i = 1 . . . 3, j = 1 . . . 3, k = 1 . . . 2 and l = 1 . . . 2. There was no evidence (P < .10) of a C × F × M interaction. The standard errors (SE) were calculated and significance of differences between means for direct vs marker methods was distinguished with the Student's t-test at P < .05, .01, and .001.
In the tabulated data are reported only the main effects of pig type, the method of digestibility estimation, and their interactions with carbohydrate sources, whereas the main effects of supplemental fat and interactions are discussed in the text of the results.
Results and Discussion

Features and Evaluation of the Steered Ileo-Cecal Valve Cannulation Technique
In this study, we tested a novel technique for quantitative ileal digesta collection by means of a newly developed steering system placed at the ileo-cecal junction. This technique has some advantages over other available quantitative techniques, in particular to the re-entrant (ileo-ileal or ileo-cecal) cannulation method. These advantages include: 1) only one T-shaped cannula is required, which disturbs to a lesser extent the normal intraluminal pressure that may result from two (re-entrant) cannulas; 2) there is no need for transection of the intestine with an interruption of the continuity of the muscle layers and the intraparietal plexuses, resulting in disruption of the myoelectric migrating complex (MMC) pattern distal to the cannula; 3) there is no need for permanent manipulations with the collection and re-introduction of digesta, which may affect the mechanisms controlling gastric emptying and intestinal peristalsis (Laplace, 1980); 4) the functional role of the ileo-cecal valve and of the cecum is maintained, and no detectable "invasion" of the small intestine by a ceco-colic type microflora takes place; 5) digesta samples for chemical analysis are fully representative because neither solid nor liquid fractions can "escape" into the large intestine during collection; and 6) there is no need to restrain the pigs even during sampling time (an important feature from the animal welfare point of view), and less labor input for the day-to-day maintenance and digesta collection is required. In a very early phase of developing this technique, we indicated its application for a period of 6 to 8 wk only (Mroz et al., 1991) . Subsequently, however, our first prototype was substantially modified to eliminate this time limitation. In this study, growing-finishing pigs equipped with the newly modified SICV cannulas were kept from 40 to 105 kg BW. During this period the pigs grew at a similar rate as the intact pigs on the respective treatments differing in energy density. Feeding in the post-operative (recovery) phase with voluminous and bulky diets containing soybean hulls or cellulose was found to be most optimal when daily rations increased not more than 100 g feed/d. Overall, the pigs did not show any signs of pain or discomfort when the ileo-cecal valve was steered into the lumen of the cannula for digesta collection, and they had no visible health problems throughout the study. Despite feeding relatively high amounts of fibrous feedstuffs (soybean hulls and cellulose), obstructions or blockages in the flow of ileal digesta were not observed, and digesta leakage was low. To prevent inflammation at these leakage sites, the pigs were cleaned twice daily with a warm water-moistured sponge and soft-paper tissues. Afterward, the skin of this region was smeared with a special ointment containing furazolidon, zinc oxide, and lidocaine (Alfasan, Woerden, Holland). At postmortem examination, a good permanent serosal adhesion of the cecalcolic surface to the abdominal wall around the silicone cannula was present. The implanted steering system was found to be fully bio-inert; no immunologic reaction and no inflammatory cells could be detected. Around the outer ring, new collagen fibers were formed, without the presence of inflammatory cells. The inner ring was found to be bio-inert and mobile, as assumed. Neither visible alteration of the ileo-cecal valve histological structure nor dilatation of the distal ileum nor collateral passage (running side by side) of digesta was observed. All those characteristics fulfill the criteria that need to be met for reliable measurements of digesta kinetics from healthy pigs with a normally functioning alimentary tract.
Comparison of the Apparent Total Tract Digestibility Between Intact and Steered Ileo-Cecal Valve-Cannulated Pigs (Exp. 1)
Pigs fitted with T-shaped cannulas are often used to measure not only ileal but also total tract (TD) digestibility, assuming their biocompatibility with intact pigs (Sauer et al., 1979; Den Hartog et al., 1988 ). This hypothesis was tested in our study with growingfinishing pigs of 90 kg BW fed diets differing in energy density and containing Cr as a marker. The overall mean apparent total tract digestibility (TD) estimated with the marker method for the intact pigs tended to be lower than for the SICV-cannulated pigs, regardless of the nutrient (Table 3 ). In the case of DM, OM, and CP, the difference of three and two percentage units, respectively, was found to be meaningful (P < .05). The TD of OM and CF calculated from Cr ratios for the cornstarch and soybean hull treatments were similar for both types of pigs, but not for the cellulose treatments, where differences in the TD of OM and CF were equal to 8 and 22 percentage units in favor of the cannulated pigs (P < .05). In consequence, pig type × carbohydrate interaction was found to be significant for both nutrients. In agreement with our findings, Joørgensen et al. (1985) reported that growing-finishing pigs fitted with Tshaped cannulas as compared to intact pigs had a higher TD of CP and lysine, particularly when feeding diets with an increased CF content. A similar tendency was observed by Sauer et al. (1979) . However, with regard to the TD of ash, EE, and CF in our studies, no effect (P < .10) of pig type was found, although relatively larger differences were noted in the cellulose-containing treatments.
Addition of fat affected (P < .001) the apparent digestibility of DM, OM, ash, and EE, but its interactions (fat × carbohydrate, fat × pig type, and fat × carbohydrate × pig type) were not statistically significant.
The differences in the TD of particular nutrients ascribed for the pig type effect in our study might have been confounded with effects of housing system, and perhaps with effects of surgery. The effect of the first factor (housing system) has been investigated by Metz and Dekker (1985) and Bakker and Jongbloed (1994) , who concluded that the TD of DM evaluated from Cr ratios is by 1.8 percentage units lower in pigs housed in groups in pens than in pigs housed individually in metabolism crates. However, it remains uncertain to what extent this difference was affected by incidences of coprophagy (which affects Cr recovery) in group-housed pigs. So far, no /n 2 ). *P < .05. **P < .01. ***P < .001.
comparative data on the TD in pigs (cannulated or not) kept individually in pens vs metabolism crates were found. The second potentially confounding factor in our study (surgery) was eliminated in a similar methodological study by Close et al. (1984) by operating (laparotomizing) on the intact pigs, without cannulation. Besides, an effect of pig-related variation in passage rate, as well as in the day-to-day differences in gastrointestinal digestion and luminal influx/outflux of nutrients caused by varying activity, stress, and(or) deviations in myogenic-hormonal-neural regulation of digestive processes during the measurement periods cannot be excluded, despite assuming a "steady" flow of digesta.
In numerous nutritional studies, the TD is estimated from grab samples of feces and a Cr recovery check is not possible, and not necessary. We measured the recovery of Cr in feces, which ranged by the intact pigs from 94 to 106%, whereas by the cannulated pigs it was found to be approximately 20 percentage units less. This lower recovery of Cr in the cannulated pigs may be mainly attributed to its losses via digesta leakage, whereas a potential influence of several other factors (e.g., uneven marker dispersion in feed, differences in transit time of nutrients and the marker through the alimentary tract, representativity/homogeneity of samples, analytical precision in determination of nutrient and marker concentrations, and incidences of coprophagy) remains merely speculative.
Overall, a further comparative research under identical maintenance conditions of the intact and cannulated pigs, recording Cr losses due to digesta leakage seems desirable.
Comparison of the Direct vs Marker Methods for Estimation of the Apparent Total Tract Digestibility in Steered Ileo-Cecal Valve-Cannulated Pigs (Exp. 2)
By definition, using the direct or marker method should result in an identical estimation of the TD at a steady-state status of the pig, independent of presence or absence of cannulas. In practice, however, some deviations may occur, mainly due to Cr recovery rates. In contrast to data on intact pigs, comparative data on the Cr recovery in feces of cannulated pigs are very limited in the available literature (presumably due to difficulties in quantification of digesta leakage). In this study, the recovery of Cr in feces of /n 2 ). *P < .05. **P < .01. ***P < .001.
the SICV-cannulated pigs was found to be from 82 to 85% (Table 3) . Kö hler et al. (1990) reported that the Cr recovery in pigs fitted with either PVTC-, T-or reentrant cannulas and fed a fiber-rich diet was 71.6, 63.5, and 82.3%, respectively. In intact pigs, according to Ehle et al. (1982) , it may range from 87 to 114%, whereas according to Petry and Enders (1974) it was from 78 to 95%. The latter authors reported also that with increasing amounts of DM excreted in feces, Cr recovery rate diminishes from 95 to 90%. However, both in a previous study by Bakker and Jongbloed (1994) and in this experiment, no interrelationship between excreted DM and Cr recovery was noticed.
We found that the overall mean TD calculated with the marker method was lower than that calculated with the direct method, regardless of the nutrient (Table 4) . The difference was equal to three percentage units for OM (P < .05), nine percentage units for ash (P < .001), three percentage units for CP (P < .01), five percentage units for EE (P < .001), and nine percentage units for CF. Our findings are in agreement with the results of Everts and Smits (1987) and Petry and Enders (1974) , in which the TD calculated with the marker method seemed to be lower than with the direct method. Despite the differences in absolute values between both methods in our study, the effect of carbohydrate source on the TD of DM, OM, CP, and EE was distinguished statistically at the same probability (P) level (Table 4) . However, the effects of carbohydrate sources on the TD of ash and CF evaluated via the direct method were statistically significant at P < .05 and via the marker method at P < .01. For the check of Cr recovery, the direct method is assumed to be absolutely faultless and serves as a reference method, whereas it is not always justified (Petry and Enders, 1974; Everts and Smits, 1987; Bakker and Jongbloed, 1994) . To support this statement, the authors underlined that with the direct method there are inevitable losses of feed, digesta, and feces during measurement periods, and the results cannot be statistically controlled by the repeatability of the single measurements.
Neither main effects of supplemental fat nor interactions (fat × method, fat × carbohydrate, fat × carbohydrate × method) were found to be statistically significant.
In conclusion, it seems that despite the lower than 100% recovery rates of Cr as found in this study or reported by Kö hler (1990), a preference should be given to the marker method for evaluation of the TD of nutrients in future studies with SICV-cannulated pigs. In contrast to the direct method, the TD calculations from Cr ratios are independent of inevitable /n 2 ). *P < .05. **P < .01. ***P < .001. losses of feed, digesta, and feces, and the results can be statistically controlled by the repeatability of the single measurements. Using the marker method in our study led usually to lower values of ID in comparison to the direct method, regardless of the treatment and nutrient (Table 5). These differences were 6 percentage units for OM (P < .001), 15 percentage units for ash (P < .01), 4 percentage units for CP (P < .01), 4 percentage units for EE (P < .05), and 20 percentage units for CF (P < .001). No statistically significant interactive effect of the method with carbohydrate source on the ID estimates for any nutrient was found.
Comparison of the Direct vs Marker Methods for Estimation of Ileal Digestibility in Steered
As evaluated by both methods, supplemental fat exerted a positive effect on the ID of DM (P < .01), OM (P < .01), and EE (P < .001) but not on the ID of ash, CP, and CF. No significant interactive effect of fat × carbohydrate, fat × method, or fat × carbohydrate × method was found.
Methodological comparisons of the direct vs marker methods in estimation of the ID have not been extensively presented in the available literature. This is partly because the direct method is very laborious and can be employed only in pigs with re-entrant cannulas, ileo-rectal anastomosis (IRA), and SICVcannulated pigs. Theoretically, using the direct or marker method should result in an identical estimation of the ID at a steady-state of the pig, as already discussed in the case of the TD. However, due to an influence of some external and(or) internal factors, this agreement between both methods (particularly at the ileal level, where collection periods are shorter than at the fecal level) is not always achieved. The discrepancies in the ID values calculated by both methods may arise due to a) sedimentation of Cr in the gastrointestinal tract (Latymer et al., 1990) ; b) between-animal variation in gastric emptying and flow patterns of ileal digesta (Laplace et al., 1983) ; c) a large circadian variation in the content of nutrients and Cr in ileal digesta (Graham and Å man, 1986) ; d) various sampling periods (Kö hler et al., 1990 ); e) an extent of digesta leakage; and f) an analytical imperfection in determining feed and digesta composition. In contrast to the TD estimation procedure, collection of ileal digesta for the ID determination cannot last as long (7 to 10 d), because digesta must be re-introduced into the large intestine. In our study, estimations of the ID with the direct method was based on 48-h digesta collection (2 × 24, with 5-d intervals), and the collected material was not re-introduced. Average ileal recovery of Cr ranged from 71 to 85%. A similar range in the recovery rate of Cr in ileal digesta collected quantitatively for 3 d via re-entrant cannulas was reported by Kö hler et al. (1990) , who recovered 93.6 and 82.3% of Cr in ileal digesta of pigs fed control and fiber-rich diets, respectively. This ileal recovery of Cr of less than 100% may be ascribed to a dayto-day variation in the patterns and rates of gastric emptying, fluctuations in intestinal flow velocity due to differences in a cycle length of migrating myoelectric complexes through the small intestine, and duration of both quiescence and spiking activity phases (Rayner and Wenham, 1986) . Also, Amidon et al. (1991) indicated that other physical factors such as exercise, temperature, particulate segregation within the pyloric antrum, and(or) size, viscosity, osmolality, and pH of particular gushes can specifically influence the rate of gastric emptying and flow velocity from one day to another. There is also some evidence that certain amounts of sedimented Cr (varying from one pig to another) always remain in the gastric (fundus) gland region of the stomach and in the crypts of the epithelium along the small intestine (C. R. Dove, University of Georgia, personal communication). It is well known that the crypts are not static but are dynamic and readily change dimension in response to any number of factors.
Overall, bearing in mind a large labor input, and a physiological limitation of time for a longer digesta collection to employ the direct method, the ID estimated from Cr ratios is advisable. Under conditions of this study the marker method seemed also to be more precise because the SD values were lower, regardless of the nutrient.
Implications
The newly modified steered ileo-cecal valve cannulation of pigs maintained the functional physiological role of the whole gastrointestinal tract, and the implanted steering system is bio-inert (no immunologic reaction or inflammatory cells). It seems to be a reliable technique for quantitative collection of ileal digesta to measure apparent ileal digestibility of lowand high-fiber diets fed to pigs from 40 to 105 kg of body weight. For practical evaluation of feeding values at the ileal and fecal levels using the same cannulated pig, a preference for the marker method is suggested.
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